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Introduction
The principal objective of this project was to exhaustively compile, critically evaluate, analyze, and synthesize all the available data and information on the electrical resistivity of a large number of selected elements and to generate recommended values over a full range of temperature from 1 K to the melting point and beyond. The results on the electrical resistivity of hafnium, tantalum, molybdenum, zinc, and tungsten are presented in this work, which is one in a series of similar works on the electrical resistivity of selected elements, some already published. [1] [2] [3] The comprehensive study of the electrical resistivity of the elements at the Center for Information and Numerical Data Analysis and Synthesis (CINDAS) has been a continuation of a similar extensive work on the thermal conductivity of the elements. 4 The general background information on this work is given in Sec. 2, which includes a brief introduction to the theory of the electrical resistivity of metals, a detailed explanation of the specifics and conventions used in the presentation of the data and information, and references cited in this section.
Discussions on the electrical resistivity of hafnium and tantalum are given in Secs. 3.1 and 3.2, respectively, and references to the electrical resistivity of these two elements are given in Sec. 3.3 . Similarly, molybdenum and zinc are covered in Sees. 4.1-4.3 , and tungsten is covered in Secs. 5.1 and 5.2.
In the discussion of the electrical resistivity of each element, individual pieces of available data and information are reviewed, details of data analysis and synthesis are given, the considerations involved in arriving at the final assessment and recommendation are dl~cm:sed, the recommended values and the experimental data are compared, and the uncertainties in the recommended values are stated. The recommended values uncorrected and corrected for the. thermal expansion of the material are both presented. The values cover the temperature range from 1 K to above the melting· point into the molten state.
General Background

Theoretical Background
It was found experimentally by Matthiessen that the increase in the electrical resistivity of a metal due to the presence of a small amouut uf alluUu::r lHetal in the solid solution is independent of the temperature. 5 According to Matthiessen's rule, the total electrical resistivity of an impure metal may, therefore, be separated into additive contributions: Po, residual resistivity caused by the scattering of electrons by impurity atoms and lattice defects and is temperature independent but dependent on the impurity concentration (c); andpi' the temperature-dependent intrinsic resistivity arising from the scattering of electrons by lattice waves or phonons. However, in reality it is observed that
p(c,T) =Po(c) +Pi(T) +.J (c,T), (I)
where A is the deviation from Matthiessen's rule.
It is to be noted that for some metals, especially transition metals, an electron-electron scattering term I Pc) makes a significant contribution to Pi at low temperatures, and is generally included along with the Bloch-Gruneisen term 6 ,7 in representing Pi . Further comments on Matthiessen's rule and onpo,puPe' and A are given in Ref. 8. 
Presentation of Data and Information
In each of the subsections discussing the electricA1 resistivity of each of the elements covered, the electrical resistivity data and information for each element are presented in the following order:
(1) A discussion text, In the discussion text on the electrical resistivity of each element, individual pieces of the data and information on which the recommendations are based are indicated, the considerations involved in arriving at the final assessment and recommendation are discussed, and the uncertainties of the recommended values are ~tated.
The recommended values are for well-annealed, highpurity, and unoxidized specimens of the respective element; however, the values for low temperatures are applicable only to the particular specimen having residual electrical resistivity as given at· 1 K in the table.
The recommended values, uncorrected and corrected fOf the thermal expansion of the element, are both given in the table. The uncorrected and corrected values are related by the following equation:
where AL = L -Lo and Land Lo are the lengths of the spccimcn at any temperature T and at a reference temperature To, respectively.
The recommended values in some cases are given with more significant figures than warranted, which is merely for tabular smoothness or for the convenience of internal comparison. Hence, the number of significant figures given in the tables has no bearing on the degree of accuracy of uncertain-ty in the values; the uncertainty in the values is always explicitly stated.
In the figures, a data set consisting of a single data point is denoted by a number enclosed by a square, and a curve that connects a set of two or more data points is denoted by a ringed number. These data set numbers correspond to those listed in the supplementary tables providing measurement information and tabulating numerical data for each of the data sets. When several sets of data are too close together to be distinguishable, some of the data sets, though listed and tabulated in the supplementary tables, are omitted from the figure for the sake of clarity. The data set numbers of those' data sets omitted from the figure are asterisked in both tables providing the measurement information and tabulating the experimental data.
The supplementary tables are deposited in AlP's Physics Auxiliary Publication Service. In the supplementary ta~ bles providing measurement information, the experimental methods used for the measurement of the electrical resistiv~ ity are indicated in the column headed "Method Used" by the following code letters: 
References
IT. C. Chi, J. Phys. Chern. Ref. Data 8, 339 (1979) . 2T. C. Chi, J. Phys. Chern. Ref. Data 8,439 (1979) . 3R. A. Matula, J. Phys. Chern. Ref. Data 8, 1147 Data 8, (1979 14) , which agree fairly well. It will be noted that the behavior of the electrical resistivity of hafnium in the temperature range 100-300 K, as indicated by the data of these studies, is not as simple as might be expected. A log-log plot of the electrical resistivity versus temperature in this temperature range deviates from the more commonly observed linear behavior by the presence of a significant downward curvature. This behavior is believed to be real, and is included in th~ enrrent data analysis.
The recommended values above 1000 K are based on the dataofRumyantsev et al. 1 (data set 1}, Cezairliyan 2 (data set 2}, Savin et aU (data set 3), Martynyuk and Tsa\1kov 4 (data set 4), Filippov el ul."i,F. (data set 5), and of Zhorov ll (data set 11). Little weight has been given to data that diverge strongly from those in these data sets.
The recommended values describing the a-{3 transition at 2015 K treat this transition as of the first order without premonitory changes in the temperature coefficient of the electrical resistivity. Deviations from these values are to be expected if thermal equilibrium is not fully attained.
There is no consensus of reliable data between 300 and 1000 K. Therefore, the recommended values in this temperature range represent a reasonable interpolation between the higher and lower temperature ranges.
There is only one data point available for the electrical resistivity of hafnium at the melting point. Martynyuk and Tsapkov4 (data set 4) reported a value of 156.0X 10-8 {l m for the electrical resistivity at the beginning and at the end of melting.
The data available in the literature for the temperature dependence of bulk samples have been reviewed in this re- 2.000 2200 2400 2600 2800 3000 CINDAS TEM>ERATURE , K FIGURE 2 60 (data set 6) and Ermolaev et al. 61 (data set 7) withpo = 0.197X 10- The analysis of the data reported for relatively pure samples in the temperature range 20< T < 30 K indicates that one cannot rely on Matthiessen's rule in or above this temperature range. Fortunately, the data ofVolkenshtein et al.
9
(data set 50) for a sample withpo = 0.072 X 10-8 !1 m and of White and WOOdS 14 (data set 65) provide a satisfactory basis for extending the recommended values to higher temperatures. The data of these authors together with those of Startsev et al. 59 (data set 5), and of Williams et al. 90 (data set 69) are used as the basis for the recommended values up to 300 K.
Above 300 K, the data of Williams et al. 90 (data set 69) from 300 to 400 K and ofTayloretal. 75 ,76 (data set 54) above 400 K follow with surprising consistency the mean of the values of other investigators. The data of Tye 86 (data set 64) are slightly higher and those of Williams 91 (data set 71) are slightly lower than the recommended values above 400 K. Unlike most of the raw data presented in Figs. 3 and 4, the data ofVetrogradskii 7o (data set 44) have been corrected for thermal expansion of the sample, and for better comparison with the recommended values should be corrected downward. Above 2600 K, the data tend to split into two groups: the lower lying data of Cezairliyan et al. 69 (data sets 21-43), Filippov et aI. 6 ,71 ,n (data sets 45-49), and of Shaner et al. 58 (data set 4) and the higher lying results of Lebedev and Mozharov 63 (data set 10). The recommended values for the electrical resistivity above 2600 K are based on a natural extension of the data at lower temperatures, and lie between the values reported by the investigators mentioned above.
The values given for the melting temperature of tantalum have varied quite significantly over the years. The very recent work gives relatively low values: Gathers 94 (data set 74) reports 3270 K and Lebedev and Mozharov 63 (data set 10) report 3258 K. Since Lebedev and Mozharov 63 (data set 10) made their observation on what should have been effectively a black body cavity, we have given preference to their melting temperature over that of Gathers,94 which was determined on the basis of an assumption concerning the emissivity of the material.
Above the melting point, the two available sets of data on the electrical resistivity by Gathers 94 and by Lebedev and Mozharov 63 are in serious conflict. The data of Lebedev and Mozharov show the electrical resistivity falling slowly as temperature increases during the application of strong pulse heating. On the other hand, the data of Gathers 94 show p rising rather more rapidly as T increases. This difference cannot be attributed to errors in the temperature measurements. In both cases, the sample under observation is hydrodynamically unstable after it is melted, but significant deformation of the samples was neither expected nor observed during the 10-100 ps period of the measurements. The sample of Gathers,94 of compact cylindrical form, seems particularly unlikely to be deformed. The arrangement of foils that made up the black body of Lebedev and Mozharov 63 might ·be more likely to be deformed by electromagnetic forces, but one might expect such a deformation to increase rather than to decrease p. In the absence of an understanding of the differing trends of the two available data sets, a constant value of 130 ± 5 X 10-8 n m was chosen for the electrical resistivity from 3258 to 4000 K. Recommendations above 4000 K cannot be made at this time.
The recommended values of the electrical resistivity given in Table 2 and shown in Figs. 3 and 4 are for tantalum of99.9% purity or higher. However, the recommended values below 273 K should be used with caution for specimens less than 99.99% pure. The values below 60 K are applicable specifically to samples with Po = 0.loo0X 10-8 !1 m. The shape of resistivity curves below 60 K for specimens with higher and lower residual resistivities are indicated by the data shown in Fig. 3 There appears to be a considerable interest in sputtered tantalum films. The usefulness of these films in the fabrication of resistors and capacitors is due partly to the formation of tetragonal j3-tantalum with an electrical resistivity an order of magnitUde higher than that of bulk tantalum, and a small temperature coefficient of resistance (TCR). This tetragonal phase, which exists only in sputtered film, has an electrical resistivity of about 200 X 10- Higher electrical resistivity and lower TCR values were achieved by various researchers using a variety of processes. Tantalum films deposited on various substrates in various gaseous atmosphere yielded low TCR values from -100 to 100 ppm Cl and electrical resistivities of about 300 X 10- *~f® 16 ~~~~~~~~~~io~:o~~:;'~~~7~4 ~- 
Electrical Resistivity of Molybdenum and Zinc
Molybdenum
There are 175 data sets available for the electrical resis-. tivity of molybdenum. These are listed in Table S-5 and tabulated in Table S-6 . Not surprisingly, because of its high~tem perature application, most of the electrical resistivity measurements were carried out at high temperatures. The experimental data are shown in Figs. 5 and 6.
Because of its high melting temperature, zone-refined molybdenum of high purity is readily available, and specimens with residual resistivity ratios of a few thousand have been investigated. See, for example, Glebovskii et aI., 11 Pirogova et al., 33 Whitmire and Brotzen, 50 and Capp et al. 53 However, the a.bove-mentioned references give only residual resistivity values. Overall, there are only a few low-temperature data sets giving resistivity values at close temperature intervals. These are, notably, from Cox et al. 7 (data sets 7-10), Volkenshtein et al. 62 (data set 154), Volkenshtein et al. 63 (data sets 155,156), and from Makarov and Sverbilova
67
(data sets [171] [172] [173] [174] 64 (data set 157), all for specimens of higher residual resistivity and apparently of lower purity. The specimens from data sets 7, 154, 156, and 170 are apparently of similar purity and are single crystals, although specimen orientations are not aligned with any particular crystal direction. Except in the residual resistance region, the agreement of these data sets is reasonable ( ± 10% of each other). Both Volkenshtein et al. 62 and Makarov and Sverbilova 67 reported that the temperature-dependent part of the resistivity contained both T 2 and T 5 components. V olkenshtein et al. 63 (data set 156) also reported values for the coefficients of these two components which, however, are not consistent with their graphical data. The present recommendations for the electrical resitivity of molybdenum at the lowest temperatures are, therefore, based on the data of Makarov and Sverbilova 67 (data set 171), whose sample has the highest reported residual resistance ratio. The coefficients used for the recommended values are slightly different from those reported by the authors in order to take into account both the experimental uncertainties and the results of V olkenshtein et aZ. and of Cox et al.
The T 2 and T 5 dependence of the electrical resistivity of molybdenum up tu .-" 55 K has been reported by Volkenshtein et al. 63 and Makarov and Sverbilova. 67 The latter authors reported data up to 77 K, including data for three specimen~ of lower purity (data sets 171, 173, 174) 
63 (data sets 155,156) reported data up to .-" 300 K for two specimens of different purity. The recommended values of the electrical resistivity from 30 to 300 K are based on these data sets. In addition, the data of Savitskii and KuritnykI9 (data sets 36,37), Holmwood and Glang 37 (data set 68), and of van Tome 46 (data set 80), all for zone-refined specimens, are also taken into account. For the upper part of this temperature range, the recommended values are adjusted so as to be consistent with the extrapolatipn of the values from higher temperatures.
For the temperature range 300-1000 K, the available data show large relative scatter. For example, the data of Khusainova and Fillipov 44 (data set 78) at .-" 1000 K are DESAIETAL. These data sets agree to within ± 0.5 X 10-8 11m in the temperature ranges where they overlap. In addition, the data of Zwilskii et al. 43 (data set 74) and of Feith 45 (data set 79) show approximately the same level of agreement, even though they seem to be slightly low at around 600 K. The recommended values in this temperature range are based un data sets 67,68, 71, 74, and 79. More emphasis was given to data sets 71 and 67 since these extend to much higher temperatures.
In the temperature range 1000-2000 K, the following data sets show agreement to about ± 1 X 10-8 11 m: Vertogradskii and ChekhovskoP6 (data set 30), Timrot et al. 21 (data sets 39, 40) 42 (data set 73) show a positive deviation. These deviations, however, are rather small so that, with the exception of data sets 73 and 30, the resistivity values are within a band of width 3 X 10-8 f1 mat .-2600 K. The present recommendation of the electrical resistivity values follows a slightly positive deviation from the linear temperature dependence. The recommended value at the melting point is about 1 % lower than that given by W orthing 35 (data set 65) and about 1.2% higher than that given by Cezairliyan et al. 2 (data set 2). It is also within ± 1.5% of the values given by Martynyuk and Tsapkov 1 (data set 1) and by Shaner et a/. lS (data set 29), and within ± 2% of that given by Lebedev eta/, 14 
(dataset 28). The dataofCezairliyan eta/.
show also a slight upturn (data set 2) from the linear temperature dependence in the premelting region.
There are only two data sets for the electrical resistivity of molten molybdenum: by Martynyuk and Tsapov 1 (data set 1) and by Shaner et al.1s (data set 29) , These values agree to within 2 X 10-8 11 m. The recommended values are taken from the average of these two data sets.
Molybdenum is a transition element 'with a bcc structure. It becomes superconducting at temperatures below --0.9 K (see, for example, Refs. 68 and 69). It is also reported, that there is no anisotropy in its electrical resistivity. 19 Thus, even though the recommended values for low temperatures are derived from data for single-crystalline specimens, these values should also be applicable to polycrystals. For the sake of numerical manipulation, the following polynomial equations are given for the calculation of the electrical resistivity of molybdenum. It should be noted that this does not imply a recommendation for the temperature derivative of the electrical resistivity. The recommended values should be applicable to molybdenum of purity 99.99% or higher except for temperatures below 100 K, where they apply specifically to zonerefined materials of residual resistivity 0.0007 X 10-
The uncertainty is estimated to be ± 5% below 100 K and ± 3% from 100 to 2894 K. Table 3 
Zinc
There are 70 data sets available for the electrical resistivity of zinc. These are listed in Table 8-7 and tabulated in  Table S Zinc has a hexagonal crystal structure and is superconducting below .-0.85 K. The electrical resistivity of zinc at low temperatures « 100 K) has been studied quite sparingly. Aleksandrov and D 'yakov 14 ,75 (data sets 5,6) reported electrical resistivity values up to ,...., 110 K for current in both the parallel (to the c axis) and the perpendicular directions. Their specimens also had the highest purity (impurities 0.000 05% total) and the highest residual resistivity ratio (RRR), p{273 K)/p (4.2 K) 108 (data set 55) have reported data at wide temperature intervals. Specimens for these data sets appear to be of lower purity, jUdging from their higher residual resistivity values of ---0.001 X 10- 1 dependence for "parallel" resistivity. The corresponding exponent was reported to be 4.6 by Alderson and Hurd, and was --5.4 from the data of Gibbons and Falicov. On the other hand, for the "perpendicular" specimen, the reported exponents were 4.8, 4.1, and 4.4; respectively. In addition, the resistivity anisotropy, i.e., the ratio of the ideal resistivities in directions parallel and perpendicular to the c axis ( Pi,lI / Pi,l)' decreased monotonically to one at 0 K as indicated by the data of Aleksandrov and D'yakov above 14 K, whereas Alderson and Hurd ohserved a limiting value of --0.4 at 0 K. The anisotropy observed by these latter authors can be explained by the result of Salvadori et al. 102 on the change in Pi with the residual resistivity. Salvadori et al.
found that the ideal resistivity of zinc and of very dilute zinc alloys increased with the residual resistivity for a certain critical value of residual resistivity. Since the parallel specimen of Alderson and Hurd had a lower residual resistivity value than their perpendicular specimen, a resistivity anisotropy value of less than one appears to be reasonable. On the other hand, hoth the parallel and the perpendicular specimens of Gibbons and Falicov 112 (data sets 65,66) had low residual resistivity values, below the critical value suggested by Salvadori et al. Therefore their resistivity anisotropy, according to this argument, should be equal to one. However, calculation of the resistivity anisotropy from the data of Gibbons and Falicov seems to support the result of Alderson and Hurd. tf)e) It is \,;uu\,;lm,lt:d that tht: available data 011 the electrical resistivity of zinc single crystals are not sufficient for a complete analysis, and the recommended values are generat-ed for polycrystalline material only.
Among the data for polycrystalline specimens, those of Salvadori et al. 102 (data set 42) gave values at close temperature intervals below,...., 40 K. These authors also reported the temperature-dependent part of the resistivity in a graph. Their results showed that the temperature-dependent part of the resistivity has T 5 dependence below --15 K. Unfortunately, the data set of Collings et al. 80 (data set 11) was presented in a graph that did not yield enough resolution to determine the temperature dependence accurately. The T 5 temperature dependence was consistent with the result of Aleksandrov and D'yakov who found, to within their experimental uncertainty, the ~ame dependence for their singlecrystalline specimens. The data of Gibbons and Falicov l12 with T 5.5 and T4.4 dependences, respectively, for the parallel (to the c axis) and perpendicular directions, also appeared to support this conclusion. For the present recommendation, the residual resistivity of 0.000 060 X 10-8 f} mis based on the data of Aleksandrov and D'yakov, who apparently had the purest specimen so far reported in the literature. The temperature-dependent part is taken to have a T 5 dependence, as discussed above. The coefficient of 1.2X 10- Above --15 K, the resistivity of zinc shows a gradual decrease from the T 5 dependence. The recommended values from 15 to 80 K follow the trend of the data of Salvadori et al. 102 (data set 42) and of Aleksandrov and D'yakov 75 (data sets 5,6). Since the latter data sets are for single crystals, the resistivity of the polycrystal Ppol y is estimated from 1
wherePIl andpl are the resistivities in the directions parallel and perpendicular to the c axis, respectively. The data of Tuyn107 (data sets 53,54) are also taken into account. Even though there are a number of data sets available in the temperature range 80-300 K, only those of Lees92 (data set 27) and of Alderson and Hurd 109 (data sets 57-59) give values at reasonably close temperature intervals of30 K. The values from data set 27 are judged to be too high by --0.4 X 10-8 n m in that temperature range, and are ignored. The other two data sets reported values which are slightly high at the lower end of this temperature range, but are in reasonable agreement with the data of Aleksandrov 74 (data sets 3,4) for the high~purity specimens. Among the other data sets, those of Holborn 27 (data set 50), Pawlek and Rogalla 84 (data sets 17,18), Wilkes 97 (data set 36), and of Schimank 108 (data set 55) also shQw reasonable agreement (± .....,5%). The recommended values in this temperature range are based on these data sets. The room-temperature values of Hedgcock and Muir 77 (data set 8) and of Bridgman lOS (data sets 46-49) are also taken into consideration.
The availability and the general agreement of reliable data for the electrical resistivity of zinc from room temperature up to the melting point is fairly good. ± --0.5 X 10-8 fJ m in the temperature range where they overlap. Surprisingly, the data of Mikryukov and Rabotnov 93 (data set 28) for a single-crystal specimen (orientation not given) agree with the above data sets, whereas their data for a polycrystalline specimen (data set 29) are higher (by more than 1 X 10-8 fJ m at --500 K). The recommended values from room temperature to the melting point are based on the above data sets with the exception of data set 29.
There are large discrepancies among the various data sets for zinc in the molten state. At temperatures slightly above the melting point, the scatter of the available data is about ± 0.8 X 10-8 fJ m and, at 900 K, the scatter increases to about ± 2X 10-8 fJ m. Nonetheless, the general shape of the resistivity-versus-temperature curve for zinc in the molten state from the different data sources is similar. For example, the data of Busch and Guntherodt 73 (data set 2), Roll , is considered to be too high for both the solid and the liquid states. However, the temperature variation of this data set is consistent with that of data sets 2,22, and 24, and it is also taken into account in the recommendation process. The recommended values for temperatures above 1100 K arc obtained by numerical extrapolation, following loosely the temperature variation displayed in data set 14. The recommended value at 1600 K is about 12% lower than that reported in data set 14.
For the sake of numerical manipulation, the following polynomial equations are given for the electrical resistivity of zinc. It is to be noted that these equations do not necessarily imply a recommendation for the temperature derivative of the electrical resistivity. 
i I I I The recommended values of the electrical resistivity given in Table 4 The uncertainty of the recommended values is estimated to be within ± 10% below 100 K, ± 5% from 100-250 K, ± 3% from 250-1100 K, and ± 10% at temperatures above 1100 K. The high uncertainties at the lowest and the highest temperatures are obviously due to the lack of mutually supportive data. A more definitive recommendation will have to await further experimental investigation.
From the available data, it is apparent that zinc of very high purity has been available for some time. The electrical resistivity of such pure material at low temperature is sample-size dependent. This problem has been investigated, for example, by Alderson and Hurd, 109 by Desalvo et aI., 113 and , by Skove and Stillwell. 114 5. Electrical Resistivity of Tungsten
Tungsten
There are 201 data sets available for the electrical resistivity of tungsten. These are listed in Table S-9 and tabulated  in Table S- The electrical resistivity of tungsten has been studied extensively, probably due to the availability of high-purity specimens obtained by zone-refining techniques. The specimen with the highest residual resistance ratio (RRR), of the order of3 X 10 5 , is reported by Berthef8 (data set 199). Most authors in recent publications on low-temperature measurements reported both T 2 and T 5 components in the resistivity of tungsten. Some of them are Volkenshtein et al. 16 (data sets 18-21) from 2.5-33 K; Wagner et al. 51 (data sets 105-112), and Garland and van Harlingen 52 (data sets 113,114) from l.4-6K; Volkenshtein et al. 74 (data set 168) from 0.4-33 K; and Batdalovetal. 77 (data sets 182-187) from ---1.8-38 K. In addition, Berthef8 reported a T 2 dependence for temperatures below 4 K and a T5 dependence from 19 to 27 K. Berthef8 also reported that the coefficient of the T 2 term is dependent on the residual resistivity of the specimen, and gives a systematic and graphical account of this dependence. Volkenshtein et al. 74 (data set 168) yield coefficients which were higher by a factor of ---2. Batdalov et al. arrived at an asymptotic value (Po~) of 7 X 10-13 n m K -2 for the coefficient of the T 2 term. This is close to the value of 8 X 10-13 n m K - Berthel (data set 199) which represents the lowest value and, hence, the purest sample reported in the literature for tungsten.
For temperatures above 40 K, there are a few data sets for quite pure tungsten specimens. Batdalov et al. 77 (data set 182) reported values up to ---80 K; Batdalov et al. 77 (data set 178) to 288 K; and DeHaas and DeNobel 31 (data set 53) to 90 K. The data of DeHaas and DeNobel agree to within ± 5% with the other two at --70 K, even though their residual resistivity is an order of magnitUde higher. In addition, the data of White and Woods ll (data set 12) are also in good agreement ( ± 7%) with those of Batdalov et al. 77 (data set 178) and those of DeHaas and DeNobel 31 (data set 53) in the temperature range ~ 80 to 280 K. Also, the data of Moore et al. 58 (data set 123) for an electron-beam melted specimen agree to within ± 1 % above 100 K with those of White and
Woods. The recommended values from 40 K to room temperature are based on the data discussed above. Although . specimens investigated within this temperature range have slightly different purity, equal weight was given to all five data sets. There are a large number of data sets available for the electrical resistivity of tungsten above 300 K. With some exceptions, the agreement among the available data is fairly (data set 143). For temperatures below 500 K, the data of Tye 6 (data set 8), Moore et al. 58 (data set 123), and Forsythe and Watson 62 (data set 126) are also taken into account. The recommended value at the melting point is 6 X 10-8 n m higher than that of Martynyuk and Tsapkov 45 (data set 87), and 1 X 10-8 n m lower than that of Shaner et al. 57 (data set 120). The ratio of electrical resistivity for liquid and solid tungsten at the melting point is in excellent agreement with a value of 1.08 ± 0.01 reported by Lebedev. 81 Grosse,82 based on his studies on low melting metals, suggested a hyperbolic behavior to electrical conductivity (lip) of liquid tungsten with a value equal to zero at its critical temperature. Although Grosse reported values up to the critical temperature, due to lack of supporting evidence, values only up to 5000 K are included in the present data analysis.
There are only two data sets available for the electrical resistivity of tung stell ill the molten state (data sets 87, 120). Both of these measurements were carried out with the pulseheating technique. The difference between these two data sets is 7X 10-8 f) m (4X It should be noted that the fact that these polynomials are given does not necessarily imply a recommendation for the temperature derivative of the electrical resistivity of tungsten.
The recommended values of the electrical resistivity given in Table 5 and shown in Figs. 9 and 10 are for tungsten of99.99% purity or higher, but those below 200 K are applicable specifically to tungsten with residual resistivity 0.000 015 Ox 10-and Stone et al. 79 Batdalov et al. concluded that at liquidhelium temperatures, boundary. scattering accounts for more than 80% of the total resistivity for their purest specimen (RRR 86000). This contribution diminishes rapidly to less than 3% at 20 K. This conclusion, at least for liquidhelium temperatures, appears to be confirmed by the result of Stone et al. In addition, the electron-electron scattering term (i.e., the T 2 term) makes a large relative contribution at temperatures below 20 K. Thus, the electrical resistivity of tungsten with slightly higher residual resistivity (say, with RRR of --10000) is difficult to estimate. However, for specimens in which impurity scattering becomes quite important, where the residual resistivity is --0.01 X 10- It should be mentioned that even though a large portion of the data are for single-crystalline specimens, the difference between these and polycrystalline specimens seems to be insignificant. Since tungsten has a bcc structure, the effect of crystal orientation on its electrical resistivity should indeed be very small. This is also exemplified by the lack of interest of the authors (of the data compiled in this study) in reporting the orientation of their single-crystalline specimens.
